Data on the mercury concentration in freshwater and marine fish and seafood on the territory of Russia are presented. The level and pattern of the fish and seafood consumption in various regions of Russia are found from the analysis of open statistics. Regions with the maximum and minimum consumption of fish products are established. Mercury intake from these products in a human organism is calculated. It is shown that at the current level and pattern of the diet in Russia fish cannot be a source of high mercury concentrations in a human organism.
Introduction
At present the impact of large (toxic) doses of mercury on the human body (neurological syndrome caused by severe mercury poisoning, Chisso-Minamata disease) is well studied. But these events are rather local over the area and time. Chronic exposure to low, almost background doses result in gradual accumulation of mercury in the body. The constant consumption of fish, especially sea fish, and particularly large predatory sea fish (shark, tuna, mackerel) can lead to increased regular intake of mercury in the human body. And this is a kind of a global impact, and, to the best of our knowledge, the WHO and other organizations have come precisely to this conclusion. For Russia, the data on of the impact of fish consumption on the balance of mercury in the human body are completely absent, as are the data on mercury concentrations in fish consumed by Russian population. In order to understand what is happening in this area, it is necessary i) to estimate the concentration of mercury in the main fish species consumed by the population; ii) to analyze the level and specificity of consumption in different regions, and iii) to calculate the intake and draw conclusions. This was performed in our study.
Mercury and its compounds are highly toxic and are assigned to the highest hazard class 1. Mercury holds a specific place among heavy and toxic metals. It has unique properties, such as variety of forms, ubiquity, higher ability of distribution and transfer in the environment, and wide range of negative effects on organisms. The level of mercury intake by humans on a particular territory depends on many factors, such as presence of mercury deposits, chemical factories, heat and power plants, dumps, and mercury waste burial places. The main home sources of mercury are luminescent lamps and mercury thermometers [1] - [3] . However, in most regions of Russia there are no such sources (as, for example, deposits) or they cause only limited local pollution. Therefore, some researchers now believe that people take in mercury mainly with food, especially with fish and seafood [4] - [8] . Accumulation of mercury in fish and seafood directly depends on the input of mercury into reservoirs and is due to both natural and man-made factors. Mercury comes into reservoirs mainly through atmospheric precipitation resulting from general degassing of the Earth's crust and oceans, volcanic activity, and industrial emission into the atmosphere. After coming into a reservoir, mercury undergoes transformation [9] [10] in three main directions: it is reduced to the elementary state and escapes into the atmosphere, forms strong insoluble compounds (sulfides) and is deposited in the bottom sediment, and is sorbed on the surface of bacterial membranes and transforms into a mercury organic compound (methylmercury). Methylmercury accumulates in water-inhabiting organisms (plants, benthos, animals) and is ultimately concentrated at high levels of the food chain, namely, in fish. It is also reported that the mercury concentration in predator fish is several times higher than that in their food [11] . The fish growth intensity can also be regarded as a decisive factor affecting the mercury accumulation level. By the age of 5 years fast-growing species (freshwater pike perch, pike) can weigh as much as 1.0 to 1.5 kg while the river perch weighs only 200 g. Accordingly, the mercury concentration in the former fish can be higher. The same applies to marine species-sea perch, tuna, shark. In the current Russian literature there are very few data on mercury accumulation in freshwater and marine fish and seafood, and accordingly on mercury intake in their consumers.
The goal of this work was to estimate the mercury intake from fish and seafood in various population groups on the territory of Russia. The following objectives were solved in the process of the work:  Estimation of the fish and seafood consumption level for different population groups.  Determination of the fish and seafood consumption pattern.  Sampling of fish products most often consumed in various population groups and determination of the mercury concentration in the samples.  Calculation of the mercury intake in the human organism for different groups of the Russian population.
Materials and Methods

Sampling
Fish samples were taken in the retail outlets in various towns of European and Asian Russia on a random sampling basis without connection to the manufacturer (exactly as the population buys fish and seafood). Marine fish and seafood samples were taken in Moscow, Podolsk, Kaluga, Gus-Khrustalny, Arkhangelsk, Sochi, Khanty-Mansiisk, Khabarovsk, and Vladivostok. Freshwater fish were partially taken from retail outlets and partially caught in European Russia's rivers of Oka, Moskva, Osetr, Volga, and Akhtuba.
The samples were placed into polyethylene zip-lock bags, cleaned from external dirty, and washed with distilled water. To withstand long transportation, the samples were frozen at −20˚C. They were not dried and crushed and were analyzed at their natural humidity. The total list and number of fish and seafood samples is presented in Table 1 .
Analysis of the Samples
Mercury concentration was measured by the method of atomic absorption with "cold" vapor using the Yuliya-5K mercury analyzer (Metrologiya Company, Russia). The samples were mineralized by a mixture of the nitric (extra pure) and perchloric (chemically pure) acids while being heated in flasks with a backflow condenser. Absorption of the radiation with a wavelength of 253.7 nm was measured after the reduction of mercury by tin chloride (SnCl 2 × 2H 2 O, analytically pure). The instrument was calibrated using a series of graduation mercury solutions prepared with the aid of МSО 0304:2002 (Ekros Company, Russia) [8] . The quality control of the analysis results was performed by analyzing "blank" samples, standard and control samples of biological mate- rials with certified mercury content. International standard and control samples were analyzed together with the samples under investigation.
Results and Discussion
The FAO/WHO provisional tolerable weekly intake for total mercury was set to be 5 µg per kg of body weight (3.3 µg for methylmercury) [4] [12] [13] . According to various estimations, there is 10 -15 mg of mercury in the human body; the toxic effect arises from the intake of 0.4 mg/day. In Table 3 the results of our marine fish and seafood analysis are compared with the literature data. It is first of all noteworthy that our results and the literature data rather well. As is evident from Table 3 , the average mercury concentrations are no higher than the permissible levels presented in Table 2 . Note however that maximum mercury concentrations in halibut, humpback salmon, herring, and ocean perch are quite close to the MPC. The same applies to canned tuna as well. The lowest mercury concentration is typical of shellfish and their roe. Table 4 shows the results from our freshwater fish analysis. The lowest mercury concentrations are typical of ruffe and ruffe and roach roe while the highest concentrations are typical of sturgeon and catfish. No excess of the MPC is observed. Evaluation of data shown in Table 3 and Table 4 shows that, for the first, the authors' data fairly well correlate with the world literature data, and, secondly, it is shown that the highest concentration of mercury are characteristic for carnivorous fish, and the lowest ones-for molluscs, crustaceans and calves.
The level and pattern of fish and seafood consumption depend on a lot factors, such as the habitation region, availability of these products in the retail network, income level of the population, mentality, and adherence to traditional diets. In Russia, fish and seafood account for an average of 2.5% -3% of the population diet [18] [19] . Table 5 presents the patterns and annual consumption of fish and fish products in different regions of Russia (data of 2012).
The intake of mercury in the human organism was calculated with the data from Tables 3-5 using the formula
where V is the mercury intake, µg/day; Р is the consumption of fish and seafood, kg/day ( Table 5) ; Сav is the arithmetic average of the mercury concentration in the total fish consumption, µg/kg (based on Tables 3-5).
The value of P was converted from kg/year to kg/day. The quantity Сav was calculated with allowance for the consumption pattern in the given region ( Table 5 ) and mercury concentration in each particular fish ( Table 3 and  Table 4 ). For example, according to Table 5 , the main consumption pattern items in Moscow are hake, cod, Alaska pollack, herring, humpback salmon, mackerel, squids, and shrimps. Mercury concentrations in these fishes and seafoods are listed in Table 3 and Table 4 . For the sake of simplicity, we assume that they all are consumed in equal proportion. Thus, Table 6 presents the results of calculating the mercury intake from fish and seafood in the human organism in different regions of Russia. As was already shown above, the safe weekly mercury intake in the human organism is 5 µg per kg of body weight. The conversion to the average weight of an individual and to the daily intake yields the safe intake of 50 µg/day. The data in Table 6 show that in no region the mercury intake from fish and seafood in the human organism exceeds the safe value. Moreover, in most regions the actual mercury intake from fish and seafood is 10 -20 times lower than the safe threshold. 
Conclusions
All above said lead to the following conclusions:
• The statement that the highest concentration of mercury is a characteristic of predatory fish (both freshwater and ocean) is confirmed. The lowest concentration of mercury is a characteristic of molluscs, crustaceans, and eggs;
• The current level and structure of consumption of fish and seafood by the Russian population cannot be a source of high mercury exposure in humans. Real mercury intake with the consumption of fish and seafood by man at the territory of the Russian Federation is the 5 -15 times lower than the safe dose according to WHO and FAO;
• However, it is shown that for Russia a low dose intake of mercury through consumption of fish and seafood is characteristic and can be assessed as 1 -13 mkg/day. Given the fact that mercury is derived from the body very slowly and there is a risk of cumulative mercury accumulation in the body, this phenomenon is requires further additional and thorough investigations.
